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A. K. Pandey*: Developmental anatomy of seeds and fruits 
in Galinsoga parviflora and Dahlia pinnata (Asteraceae) 

A.K. 

Genera Galinsoga (14 species) and Dahlia (28 species) are distributed in 
New World and Mexico to Colombia (Mabberley 1987). A perusal of literature 
reveals that development and structure of seeds and fruits in these taxa have 
not been investigated, hence this work was undertaken with the following 
specific objectives; 1) to describe the developmental anatomy of seed and fruit 
which have not been investigated so far, 2) to comment on the systematic 
significance of anatomical features of seed coat and pericarp, and 3) to trace 
the mode of deposition of phytomelanin in the achenes. 

Material and methods Flowers and achenes of Galinsoga parviflora Cav. 
were collected from Dehra Dun (Pandey 4213) and those of Dahlia pinnata 
Cav. from the plants growing in Botanical Garden of Bhagalpur University 
(Pandey 3791). FAA fixed materials were stored in 70% ethanol. Customary 
methods of dehydration in TBA series and embedding in paraffin were followed. 
Microtome sections cut at 7-12 gm thickness were stained with safranin- 
fastgreen combination. 

Observations 

1) Galinsoga parviflora. Ovary and ovule. The syncarpous and unilocular 
ovary contains a single anatropous, unitegmic and tenuinucellate ovule (Fig. 
1A, B). The ovule at the functional megaspore stage completely fills the 
ovarian chamber (Fig. 1A). The ovary grows fast, and at the organized 
female gametophyte stage the ovule occupies only 3/4 part of the locule (Fig. 
IB), but as the seed matures, it again fills the entire space of the ovary 
chamber (Fig. II). The vascular supply of the ovule enters the funicle and 
passes through the chalaza ending on the antiraphe side up to about half the 
height of the integument (Fig. IB). 

Integument. The integument at the functional megaspore stage consists 
of 8-10 layers of parenchymatous cells (Fig. ID). The innermost layer of the 
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integument by this time has differentiated into a distinct endothelium and the 
nucellus is seen as a very thin layer around the megaspore. 

By the time female gametophyte is fully organized, the nucellus is fully 
consumed and the embryo sac comes in direct contact with the endothelium. 
Cells of a few layers of the integument around the endothelium enlarge con¬ 
siderably, become highly vacuolated and form the periendothelial zone (Fig. 1C, 
E). The integument at this stage is distinguishable into three distinct zones. 
The outer zone comprises cells having dense cytoplasm. The middle zone is 
the periendothelial region, and the inner zone is made up of a layer of endo¬ 
thelium. The outer epidermal cells of the integument, in surface view, show 
polygonal outline (Fig. IK). 

Endosperm and embryo. At the globular embryo stage, the endosperm 
cells completely fills the embryo sac (Fig. IF). Quick digestion of endosperm 
begins at about the heart-shaped embryo stage and concomitantly, the cells of 
the outermost layer of the endosperm differentiate as a prominent layer by 
accumulating dense cytoplasm (Fig. 1G). In a mature seed, only one or two 
layers of the endosperm are left on the sides but the number is more on the 
radicular and cotyledonary ends (Fig. II). 

The mature embryo occupies more or less the entire space in the seed 
(Fig. II). In a mature capitulum, the peripheral fruits show a little curved 
embryos while the centrally placed fruits have straight embryos. The hypo- 
cotyl-root-axis is slightly shorter than the cotyledons. The shoot apex is dome- 
shaped and is undifferentiated. The subepidermal cells of the cotyledons on 
the ventral side show radially elongated palisade cells (Fig. 1M). Rests of the 
cells are polygonal in outline and do not show any special feature. All the 
cells of the embryo contain reserve food material. Average length of embryo 
and its parts is given in Tab. 1. 


Tab. 1. Size of cypsela, length of embryo, hypocotyl-root-axis 
and cotyledons (measurements in mm). 


Species 

Cypsela 

(l.Xb.) 

Embryo 

Cotyledons 

Galinsoga parviflora 

2x0.75 

1.40 

0.70 

0.70 

Dahlia pinnata 

11x3.25 

8.42 

2.36 

6.06 
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Seed coat. After fertilization, the cells of the periendothelial zone begin 
to disorganize and by the time advanced globular embryo stage is reached, an 
air space appears in this region (Fig. IF). The disorganization of the cells 
also extends towards the chalaza. The endothelium remains one layer thick 
throughout the length of the embryo sac except at a few places towards the 
chalazal side where a few cells divide periclinally. The tangential stretching 
of the endothelial cells starts at the late globular embryo stage and by the time 
two cotyledons are well differentiated, the endothelium is much stretched. 
Further disorganization of the integumentary cells results into a wide space 
around the embryo sac. 

In a mature seed, the seed coat is 2-3 layers thick (Fig. IN) except at 
the radicular and chalazal ends where the number is more. The endothelium 
by this time'is fully consumed and persists as a thin noncellular pellicle over 
the outermost layer of the endosperm (Fig. IN). The epidermal cells of the 
seed coat become irregular in outline and show characteristic fibrous thickenings 
(Fig. 1L). 

Ovary wall and pericarp. Ovary wall at the functional megaspore stage is 
7-9 layers thick at the level of the nucellus (Fig. ID). Single layered epidermis 
is followed by a layer of hypodermis and these two layers are made up of 
smaller cells. Rests of the cells of the ovary wall are elongated in plane along 
the long axis of the ovary wall. 

By the time female gametophyte is fully organized, the ovary wall becomes 
9-12 layers thick (Fig. IE, O). It shows differentiation into two zones. The 
outer zone comprises the epidermis and the hypodermis while inner includes 
the rest of the ovary wall. The cells of the hypodermis are broader than 

Fig. 1. Galinsoga parviflora. A, B. Longitudinal sections of ovary and ovule at megaspore mother 
cell and organized female gametophyte stages respectively. C. Cross sections of ovary and ovule 
at organized female gametophyte stage. D, E. Longitudinal sections of part of ovary and ovule 
at megaspore mother cell and organized female gametophyte stages respectively. F. Longitudinal 
section of ovary and ovule at globular embryo stage. Note air space around endothelium. G. 
Longitudinal section of the endothelium and endosperm at heart-shaped embryo stage. H. 
Longitudinal section of ovary and ovule at globular embryo stage. I, J. Longitudinal section 
and cross section of mature fruit respectively. K. Epidermal cells of integument in surface view. 
L. Epidermal cells of seed coat in surface view. M. Longitudinal section of part of cotyledon 
showing palisade layer. N. Longitudinal section of part of mature cypsela. O. Cross section of 
part of ovary wall at organized female gametophyte stage. P-R. Different stages of hair de¬ 
velopment. (AS: air space, EMB: embryo, EN: endothelium, END: endosperm, ES: embryo 
sac, INT: integument, O: ovary, OV: ovule, OW: ovary wall, P: phytomelanin, PC: pericarp, 
PEZ: periendothelial zone, SC: seed coat, VS: vascular supply.) 


— 15 — 



208 


TO 7G ^ 7 R 



those of the epidermis. The inner zone is again distinguishable into two 
regions. The region present just below the hypodermis is made up of small 
parenchymatous cells as seen in cross-section (Fig. 10). This constitutes the 
profiber zone in the ovary wall. The inner region is composed of large paren¬ 
chymatous cells. 

The ovary wall is smooth in the beginning, but at the functional mega¬ 
spore stage small protuberances develop from the epidermal cells (Fig. IP). 
These epidermal cells become richly cytoplasmic and divide anticlinally into 
two daughter cells (Fig. IQ) which elongate and divide transversely to form 
two long terminal cells and two short basal cells. The apical cells remain 
coherent by their lateral walls and elongate considerably to form a hair. Some 
times, the two cells of the hair part away at their tip (Fig. 1R). Hairs become 
thick-walled at maturity. 

After fertilization, the inner zone of the ovary wall begins to separate 
from the outer zone. By the time embryo reaches globular stage, the hypo- 
dermal cells become glandular and start secreting phytomelanin which accumu¬ 
lates in between the hypodermal and profiber zones (Fig. 1H). The cells of the 
profiber zone also start becoming thick-walled. The phytomelanin increases 
in quantity, fills the schizogenous space, and soon starts depositing in between 
the hypodermal cells thus forming peg-like projections. 

In a mature cypsela, the phytomelanin cements the two zones of the ovary 
wall separated earlier. The pericarp of mature cypsela is distinguishable into 
following zones: (a) one-layered epidermis, (b) a single layer of hypodermis, 
(c) phytomelanin zone, (d) fiber zone and (e) a layer of parenchymatous cells 
(Fig. IN). 

Fruit. Mature cypsils are black in colour and are provided with white 
pappus (Fig. 3A). Pappus comprises a few linear scarious fimbriate scales. 
Hairs are present throughout the length of the fruit. In cross-section the fruit 
is nearly circular in outline (Fig. 1J). It is narrow towards the base and 
broad on stylar side. Size of fruit is given in Tab. 1. 

2) Dahlia pinnata. Ovary and ovule. The condition of ovary and form 
of ovule are similar to those described for Galinsoga. The vascular supply of 
the ovule after entering the funicle, overarches the chalaza and ends on the 
antiraphe side near the lower limit of the micropyle (Fig. 2A). 

Integument. At the organized female gametophyte stage, the integument 
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is 17-20 cell-layers thick at the level of the embryo sac (Fig. 2B). However, 
the number varies in the other regions. The cells of the inner epidermis of 
the integument elongate radially and differentiate into a distinct endothelium 
(Fig. 2B). 

Endosperm and embryo. The endosperm is seen as a compact tissue around 
the globular embryo (Fig. 2D). Soon after this stage, the liquidation of the 
endosperm cells follows and in a mature seed only the outermost layer persists 
(Fig. 2J). All the cells of the endosperm show dense cytoplasm and prominent 
nuceli. 

The mature embryo is straight and occupies the entire length of the seed 
(Fig. 2F). The hypodermal cells on the ventral side of the cotyledons elongate 
radially and form the palisade layer (Fig. 2H). Average length of embryo, 
hypocotyl-root-axis and cotyledons is given in Tab. 1. 

Seed coat. Just after fertilization, the ovule besides endothelium shows 
differentiation into two zones, the outer and the inner. The former is composed 
of compactly arranged smaller cells having dense cytoplasmic contents and the 
latter is formed of large vacuolated cells constituting the periendothelial zone. 
In a longitudinal section, the periendothelial zone is seen extending deep into 
the chalazal region (Fig. 2E). The cells of the endothelium by the time divide 
at few places making it more than one layered (Fig. 2C, E). 

By the time embryo reaches globular embryo stage, an air space appears 
around the endothelium (Fig. 2D). Concomitantly, the cells of the endothe 
lium on the antiraphe side divide anti- and peri-clinally making it many layered. 
As the seed grows, the middle layers of the integument disorganize, and in a 
mature seed only 4-5 layers persist (Fig. 2J). The epidermal cells of the seed 
coat contain some light brown substance which gives a brownish appearance 
to the seed coat. No thickening of any type has been seen in the epidermal 
cells of the seed coat. The endothelium is represented by a thin cuticular 
layer in the mature seed (Fig. 2J). 

Ovary wall and pericarp. The ovary is in between elliptical and rhomboidal 
outline at various stages of fruit development as seen in cross-sections (Fig. 
2C, D, G). The ovary wall at the organized female gametophyte stage is 
more than 20 cell-layers thick. The epidermis and the hypodermis are single¬ 
layered (Fig. 21) and the hypodermis is followed by strands of cells elongated 
in a plane along the long axis of ovary. The inner zone is composed of large 
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parenchymatous cells which show disorganization of its middle layers (Fig. 
2A, I). 

After fertilization, the hypodermis starts separating from the inner adjacent 
profiber zone and a schizogenous space appears between the two zones of the 
ovary wall. Soon, the glandular hypodermal cells start secreting phytomelanin 
which accumulates in the space created. 

As the fruit grows, the phytomelanin gradually fills the entire space, and 
in a mature fruit it cements the two zones of the ovary wall separated earlier 
(Fig. 2J). The pericarp of mature cypsela can easily be distinguishable into 
following zones: (a) a layer of epidermis, (b) a layer of hypodermis whose 
cells are radially elongated and densely cytoplasmic, (c) a zone of phytomelanin 
layer which gives an undulating outline, (d) a few layers of thick-walled fiber 
cells, and (e) 1-2 layers of large, thin-walled parenchymatous cells (Fig. 2J). 

Fruit. The mature cypsils are black in colour due to presence of phyto¬ 
melanin. The fruits are oblong or obovate and compressed (Fig. 3B). The 
dorsal side of the fruit is more convex than the ventral side. The pappus is 
absent. Size of the fruit is given in Tab. 1. 

Discussion In Dahlia (subtribe Coreopsidinae) and Galinsoga (subtribe 
Galinsoginae) the mature seed coat is composed of 3 to 4 layers of cells. In 
the former, cells of the seed coat do not show any ornamentation but in the 
latter fibrous thickenings have been observed (present study). Presence/absence 
of ornamentation on the cells of the mature seed coat is of considerable 
systematic significance. According to Robinson (1981) the Coreopsidinae seem 
to be characterized by firmer walled cells having straight sides and lack orna¬ 
mentation but in Galinsoginae strongly ornamented seed coat have been seen. 
Present and our earlier observations on the seed coat of taxa belonging to 
subtribes Coreopsidinae and Galinsoginae (Pandey & Singh 1982, Pandey et al. 
1986) also support the views of Robinson. 


Fig. 2. Dahlia pinnata. A. Longitudinal section of ovary and ovule at organized female gameto- 
phyte stage. Note disorganization of inner region of ovary wall. B. Longitudinal section of 
part of integument at organized female gametophyte stage. C, D. Cross sections of ovary and 
ovule after fertilization and at globular embryo stages respectively. E. Longitudinal section of 
ovary and ovule after fertilization. F, G. Longitudinal section and cross section of mature 
cypsela respectively. FI. Longitudinal section of part of cotyledon showing palisade layer. I. 
Longitudinal section of part of ovary at organized female gametophyte stage. J. Longitudinal 
section of part of mature cypsela. (AS: air space, COT: cotyledons, EMB: embryo, EN: endo¬ 
thelium, END: endosperm, ES: embryo sac, O: ovary, OV: ovule, PC: pericarp, SC: seed coat, 
VS: vascular supply.) 
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Uniform pattern of pericarp development and differentiation is seen in both 
Dahlia and Galinsoga. The most significant feature of the pericarp is the presence 
of the phytomelanin layer which always develops between hypodermis and fiber 
zones. Phytomelanin layer is characteristic of all the Heliantheae (Pandey & 
Kumari 1987) except two subtribes, the Gaillardiinae (including the Psilotro- 
phinae) and the Marshalliinae which lack phytomelanins in their achenes 
(Robinson 1981). Whether presence of phytomelanin is a primitive or derived 
feature is still a matter of opinion. According to Robinson (1981) if the presence 
of phytomelanins is a primitive feature of the Asteraceae, then their absence 
in Gaillardiinae, in the advanced Asteroideae including Marshallia, and in the 
subfamily Cichorioideae all represent independent losses. Recent chloroplast 
DNA studies (Jansen & Palmer 1987) and morphological cladistic studies 
(Bremer 1987) have shown that Mutisieae is the most primitive tribe in the 
Asteraceae and Heliantheae is derived. As phytomelanin is found only in the 
achenes of tribes Eupatorieae and Heliantheae and acts as a protective covering 
around the embryo (against desiccation, insect predation, microbial attack etc.), 
it is quite probable that its presence in these tribes may be a derived feature. 

The author is grateful to Prof. K. S. Bilgrami, Head, Department of Botany, 
Bhagalpur University for facilities and encouragement. Thanks are due to 
Department of Science and Technology, Govt, of India for financial assistance 
under grant no. Sp/YS/20 L/86. 
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